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Dis play device , 



The invention relates to a display device comprising at least one picture 
element and a display driver device comprising a driving transistor to be connected in series 
with the picture element 

Such display devices are increasingly based on electroliraiinescence-based 
5 semiconducting organic materials, also known as lig^it emitting diodes (polyLEDs or 

OLEDs). The display devices may either luminesce via segmented pixels (or fixed patterns) 
but also display by means of a matrix pattern is possible. The adjustment of the diode current 
generally determines the intensity of the light to be emitted by the pixels. 

Suitable fields of application of the display devices are, for example, mobile 
10 telephones, organizers, etc. 



A display device of the type described in the opening paragraph is described in 
USP 6.014.1 19. In said document, the current through a LED is adjusted by means of current 

15 control. For each column of pixels in a matrix of luminescent pixels a current driver 

con:q)rising a bipolar transistor and a resistor is provided as part of a driving circuit. In stead 
of the bipolar transistors MOS- or TFT- transistors may be used. 

To obtain reproducible gray scales the current has to be substantially constant 
for a certain gray value. This is the reason why tiie transistors are used in the constant current 

20 region. In this case a high drain-source voltage (or emitter -collector voltage in the case of 
bipolar transistors) is used. This makes the bias of the transistor less sensitive to variations in 
the drain voltage due to variations in for instance the forward characteristics of the pixel 
diodes or the supply voltage of the driver. On the other hand the high drain-source voltage (or 
emitter -collector voltage in the case of bipolar transistors) increases power dissipation. 

25 

It is, inter alia, an object of the present invention to provide a display device of 
the type described in the opening paragrq^^h in which the power dissipation due to the drain- 
source volta^ (compliance voltage) adds to a lesser extent to the total power dissipation. To 
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this end in a display device according to the invention the display driver comprises means for 
monitoring and controlling the current in said first current path. 

In a preferred embodiment a controlling connection of the driving transistor is 
coupled to an output of a control amplifier each of the input connections of the control 
5 amplifier being coupled to the first and second ctirrent path respectively. By comparing the 
currents in the first and second current path the control amplifier now forces the current in the 
first current path to draw a certain current, while the drain-source voltage (compliance 
voltage) may be lower than necessary for use in the saturation region. This leads to lower 
power dissipation. The control amplifier can be realized in many different ways as known in 
10 the art (comparators, differential amplifiers, etc.). 

In a further embodiment, suitable for active driving the current in the first 
current path is controlled by charge control e.g. by a charge stored by means of a current 
having passed in a second circuitry part. 

15 

These and other aspects of the invention are apparent firom and will be 
elucidated with reference to the embodiments described hereinafte 
In the drawings: 

Figure 1 shows diagrammatically a display device according to the invention, 
20 Figure 2 shows a part of a display driver device. 

Figure 3 shows a first embodiment of a display driver device according to the 

invention. 

Figure 4 shows transistor characteristics of the transistors used in the 
embodiments of Figures 2, 3 while 
25 Figures 5 and 6 shows fiirther embodiments of a display driver device 

according to the invention and 

The Figures are diagrammatic; coiresponding components are generally 
denoted by the same reference numerals. 

30 

Fig. 1 shows diagrammatically an equivalent circuit diagram of a part of a 
display device 1 according to the invention. This display device comprises a matrix of (P) 
LEDs or (O) LEDs 4 with n rows (1, 2, n) and m columns (1, 2, m). This device fiirther 
comprises a row selection circuit 6 and a data register 5. Externally presented infomiation 7, 
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for example, a video signal, is processed ia a processing unit 8 which, dependent on the 
mformation to be displayed, charges the separate parts 5-1, 5-n of the data register 5 via 
lines 9. 

The selection of a row takes place by means of the row selection circuit 6 via 
the lines 3, in this example by providing them with the required selection voltage (passive 
addressing). 

Writing data takes place in that, during selection, the current source 10, which 
may be considered to be an ideal current source, is switched on by means of the data register 
5, for example via (not shown) switches. The value of the current is determined by the 
contents of the data register and is supplied to the LEDs 4 via data lines 2. 

The current switch 10 may be of a simple type comprising just one transistor 
and one resistor. As explained in the introduction, to make the bias of the transistor less 
sensitive to variations in the drain voltage due to variations in for instance the forward 
characteristics of the pixel diodes or the supply voltage of the driver, the high drain-source, 
needed then, increases power dissipation. 

Figure 2 shows a known device comprising a first current path (transistor 19 
and LED 4). The current lo flows in the LED 4 and determines the light intensity of the 
picture element. The dashed line 21 schematically depicts the display area in Figure 2. 

A second current path comprises a current source (a transistor 1 1 and a resistor 
22) and a current mirror input stage, comprising a diode, realized by short-circuiting the gate 
terminal 14 and the drain tenninal 15 of transistor 13 (and if necessary a further resistor 23). 
A voltage on gate terminal 16 determines the current li in this second current path. Since the 
transistors 13, 19 (together with the resistor 23, and if necessary a further resistor 24) may be 
considered as a current mirror the current lo in the first current path is coupled to the current li 
in a ratio, which ratio is determined by the k-factors of both transistors. In order to reduce the 
required drain-source voltage (compliance voltage) Yds = Vcom the drive voltage (Vgs - Vth, 
Vth : threshold voltage) of transistor 19 has to be small. In both current paths a resistor 23, 24 
may be incorporated as is shown by dashed lines. 

Using transistors, which have a large k-factor, increases flie required area of 
the integrated driving circuit, since the required chip area is proportional with k - WA- 

Figure 3 shows a preferred embodiment of a device according to the invention 
comprising a first current path (transistor 19 and LED 4) again. The current lo flows in the 
LED 4 and determines the light intensity of the picture element The dashed line 21 
schematically depicts the display area in Figure 2. 
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The first and second current paths are now coupled to each other via the 
control amplifier 25. The control amplifia: 25 measures the output current lo via resistor 
24(R2), and compares it via the voltage over resistor 24 to the cvirrent li as measured via 
resistor 23 (Ri). The control amplifier 25 then forces the output transistor 19 to draw 
lo = Ii .( Ri / R2) by control of Vgs . So the current lo in the first current path is coupled to the 
current Ij in a ratio^i / Rz). 

This feedback allows a large Vgs value. This is shown in relation with Figure 
4. When used at the edge of saturation for lo the Vds value is biased at point x. Due to the 
feedback mechanism at this (maximum) value for lo the Vgs value is biased, if necessary, at a 
Id - Vds curve related to a Vds value for a much higher Iq (e.g. at point y) without gomg mto 
the saturation region, so the higher drain-source voltage (compUance voltage) for this higher 
lo has not to be taken into account when designing the driver. 

So this feedback mechanism allows larger Vgs values. As a result lower k - 
values are possible and consequraxtly a lower dissipation and smaller chip area are obtained. 

The invention is {q>phcable to both active and passive devices, matrix and 
segmented display devices. In one type of active matrices as shown in Figure 5, which 
represents a single (sub)picture element, extra switches, such as CTFT) switches 28, 29, 30, 
33 and 35 are used to select the picture element and charge an extra c{q>acitor 26. During 
selection both transistor 19 and switches 28 and 29 are conducting as determined by selection 
line 2. The circuitry comprising resistor 24, cs5)acitor 26, transistor 19 and switches 28 and 
29 deteimines current path, which is controlled by data input 8 to define a current Idata- 
Capacitor 26 is charged to a voltage determined by the voltage across resistor 24. After 
selection (during a hold period), switches 28, 29, 35 are non-conducting, while the switches 
30, 33 now are conducting. The charge remaining on capacitor 26 now controls the control 
amplifier 25 in such a way that the feedback mechanism maintains the current in current 
source 19,24 (and consequently in the LED 4 at Idata- 

In the embodiment of Figure 6, which represents a single (sub)picture element 
again, the extra (TFT) switches 28, 29, and 31 are used to select the picture element and 
charge the extra cs?>acitor 26. During selection both transistor 19 and switehes 28 and 29 are 
conducting again as determined by selection line 8. The circuitry con]|>rising resistor 24, 
capacitor 26, transistor 19 and switehes 28 and 29 again determines a current path, which is 
controlled by selection line 2 to define a current Idat, *gain via data input 8 and charge 
capacitor 26. After selection (during a hold period), both switches 28, 29 are non-conducting, 
while the switch 31 now connects c^acitor 26 to control amplifier 25 (positive input). The 
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charge remaining on capacitor 26 controls the control ampUfier 25 again in a similar way as 
in the previous example. 

The protective scope of the invention is not limited to the embodiments 
described. Instead of measuring the currents lo and Iiin the first embodiment, firactions of 
these currents can be measured. 

The invention is also applicable to field emission devices and other devices 

based on current driving. 

The invention resides in each and every novel characteristic feature and each 
and every combination of features. Reference numerals in the claims do not limit the 
protective scope of these claims. The use of the verb "to comprise" and its conjugations does 
not exclude the presence of elements other than those stated in the claims. The use of the 
article "a" or "an" preceding an element does not exclude the presence of a plurality of such 
elements. 



